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(57) ABSTRACT

A pressure control valve piezoelectric element driving circuit
1s provided for a pressure type flow rate control device pro-
vided with a flow rate seli-diagnosis function for comparing,
initial pressure drop characteristics data measured and with
pressure drop characteristics data 1 a flow rate diagnosis
which are measured under conditions that are the same for
both measurements to detect malfunction 1n flow rate control
from a difference between both characteristics data, wherein
a first discharge circuit slowly discharges a piezoelectric ele-
ment drniving voltage applied to the piezoelectric element
according to a step-down command signal from a CPU,
through a step-down command circuit to step down the volt-
age, and a second discharge circuit that rapidly discharges a
piezoelectric element driving voltage applied to the piezo-
clectric element according to a high-speed step-down com-
mand signal from the CPU, through a high-speed step-down
command circuit to step down the voltage.

20 Claims, 8 Drawing Sheets
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1

PRESSURE CONTROL VALVE DRIVING
CIRCUIT FOR PRESSURE TYPE FLOW RATEL
CONTROL DEVICE WITH FLOW RATE
SELF-DIAGNOSIS FUNCTION

This 1s a National Phase Application 1n the United States of
International Patent Application No. PCT/IP2009/000647
filed Feb. 18, 2009, which claims priority on Japanese Patent

Application No. 2008-113479, filed Apr. 25, 2008. The entire
disclosures of the above patent applications are hereby incor-
porated by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to improvements 1n a pressure
type tlow rate control device for gas, or the like, used for
manufacturing semiconductors, chemicals, drugs, precision
machinery components, or the like. The present invention
relates to a pressure control valve driving circuit that 1s
capable of constantly performing highly accurate and stable
detection at the time of detecting a change 1n shape of an
orifice dueto clogging, cracks, corrosion, or the like, by use of
a tflow rate self-diagnosis function provided for the pressure
type tlow rate control device.

BACKGROUND ART/BACKGROUND ART

Pressure type flow rate control devices are capable of
highly accurately controlling flow rates of various types of
fluids, such as gas, with a simple mechanism 1n which a
piezoelectric element driving type pressure control valve and
an orifice are combined. Many of these pressure type flow rate
control devices have been provided for practical use in the
field of semiconductor manufacturing equipment, or the like.

Furthermore, because the pressure type flow rate control
device performs tlow rate control by adjusting gas pressure on
the upstream side thereof by use of an orifice by controlling a
pressure control valve so as to open and close, 1t 1s necessary
to constantly momitor so-called “clogging” of the orifice hole.
Therefore, a function of self-diagnosing with respect to a
level of a change 1n shape due to clogging, cracks, corrosion,
or the like, of the orifice, that 1s a so-called “flow rate sell-
diagnosis™ (or clogging detection) 1s provided 1n some sys-
tems.

FIG. 5 shows an example of a conventional pressure type
flow rate control device FCS provided with a flow rate seli-
diagnosis function. That 1s, the gas pressure and the gas
temperature 1n a pipe passage 3, disposed between a pressure
control valve 1 and an orifice 2, are detected by a pressure
detector P, and a temperature detector T, respectively. The
detected gas pressure and gas temperature are mput to an
arithmetic processing unit (CPU). In the arithmetic process-
ing unit (CPU), a gas flow rate Qc passed through the orifice
2 1s computed, and a differential flow rate AQ between a
setting flow rate Qs and the computed flow rate Q¢ 1s com-
puted. A control signal S corresponding to the differential
flow rate AQ 1s input to a piezoelectric element driving unit
1a, and the pressure control valve 1 1s controlled to be opened
and closed 1n the direction required so that the differential
flow rate AQ becomes zero.

Then, when the orifice hole diameter of the orifice 2 1s
changed due to clogging when the pressure type tlow rate
control device 1s 1n use, the pressure drop characteristics 1n
the pipe passage 3 1n FIG. 5 are changed. Therefore, the
pressure drop characteristics are measured before the pres-
sure type tlow rate control device 1s provided for practical use
(1.e., before factory shuipment) and are stored as 1nitial values
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in a memory device M. This makes 1t possible to determine
the presence or absence of maltfunction in flow rate control by
comparing the 1nitial values with the measured values of the
pressure drop characteristics 1n a diagnostic while that pres-
sure type flow rate control device 1s 1n use. That 1s, the tlow
rate seli-diagnosis 1s provided 1n order to seli-diagnose the
presence or absence ol malfunction 1n flow rate control
caused by a change in shape of the orifice hole due to clog-
ging, cracks, corrosion, and the like, of the orifice 2.

In more detail, with reference to FIG. 3, first, before ship-
ment of the pressure type flow rate control device FCS, a gas
for tlow rate self-diagnosis (usually, an N, gas) 1s supplied to
the piezoelectric element driving type pressure control valve
1 of the pressure type flow rate control device FCS, and a
setting flow rate Qs of the pressure type flow rate control
device FCS 1s set to the tlow rate of 100%, and the memory
device M 1s set to an operative state (1.¢., setting of an 1nitial
value memory signal). It 1s, as a matter of course, that 1in the
case where the controlling flow rate (1.¢., setting tlow rate (Js)
1s less than or equal to a certain threshold value at this time, an
alarm A, corresponding to a deficiency 1n gas supply pressure
1s grven. Next, the piezoelectric element driving type pressure
control valve 1 1s rapidly completely closed, and the detected
pressure, and time data of the pressure detector P,, are mea-
sured at predetermined time 1ntervals and are stored in the
memory device M (storage of 1nitial value data).

In a flow rate seli-diagnosis of the pressure type tlow rate
control device FCS when 1n use, {irst, a gas, which 1s the same
as the gas used for determining the storage of initial value
data, 1s supplied to the piezoelectric element driving type
pressure control valve 1 and, at the same time, a setting flow
rate Qs thereot 1s set to the tlow rate ol 100%. It 1s, as a matter
of course, that in the case where the controlling flow rate
(setting flow rate Qs) 1s less than or equal to a certain thresh-
old value atthis time, an alarm A, corresponding to deficiency
in gas supply pressure 1s given. Next, the piezoelectric ele-
ment driving type pressure control valve 1 1s rapidly com-
pletely closed, and the detected pressure and time data in the
pipe passage 3 at this time are measured at predetermined
time intervals, and are compared with the initial value data
stored 1n advance in the memory device M 1n the arithmetic
processing unit (CPU). In the case where a difference
between both the detected pressure data and time data 1s
greater than the setting value, an alarm i1ndicating that the
diagnosis result 1s abnormal 1s given. In FIG. §, the reference
character E designates a power supply voltage.

Meanwhile, a normally-closed type metal diaphragm
valve, provided with a piezoelectric element driving unit, 1s
utilized as the piezoelectric element driving type pressure
control valve 1 of the pressure type flow rate control device
FCS 1n many cases. A driving voltage 1s applied to the piezo-
clectric element of the piezoelectric element driving unit 1a
so as to stretch 1ts entire length, thereby lifting up a valve stem
against an elastic force of an elastic body, that opens the valve.
Furthermore, when the voltage applied to the piezoelectric
clement 1s eliminated, the length of the piezoelectric element
1s restored to its mitial length, and the valve stem 1s lowered
by the elastic force of the elastic body, thereby closing the
valve (see, e.g., Japanese Published Unexamined Patent
Application No. 20035-149075).

As aresult, variation occurs 1n time from when the valve 1s
tully opened until when the valve 1s completely closed by
necessity according to a speed at which the voltage applied to
the piezoelectric element 1s eliminated (hereinafter, called
“delay 1n dropping of a piezoelectric element driving volt-
age”). In addition, a time position at the first sampling point in
measurement of the pressure drop characteristics (1.e., sam-
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pling start time) fluctuates, which makes it ditficult to pre-
cisely measure the pressure drop characteristics. In addition,
the greater the amount of displacement 1n stroke of the piezo-
clectric element, the greater the piezoelectric element driving
voltage, and the greater the outer diameter of the valve disc,
then the greater 1s the mfluence on the pressure drop charac-
teristics caused by the delay 1n dropping of the piezoelectric
clement driving voltage. Furthermore, the shorter the sam-
pling time for a diagnostic, the greater 1s the influence on the
pressure drop characteristics caused by the delay 1n dropping,
of the piezoelectric element driving voltage.

FIG. 6 shows an example of pressure drop characteristics
of the conventional pressure type flow rate control device
(FCS type: manufactured by Fujikin Incorporated). It 1s clear
from FIG. 6 that, as the gas supply pressure (kPaG) 1s low-
ered, even the pressure drop characteristics curve of the same
pressure type flow rate control device moves upward.

Furthermore, FIG. 7 shows research data of the influence
on the diagnosis results (%) caused by a change 1n pressure
drop characteristics due to a fluctuation in gas supply pres-
sure. Generally, in the normally-closed type piezoelectric
clement driving type pressure control valve 1, when the sup-
ply pressure 1s low, the piezoelectric element voltage
becomes higher than 1n the case where the supply pressure 1s
high, which makes it easy for the pressure control valve
closing time delay to occur (Japanese Published Unexamined
Patent Application No. 2005-1490735). As a result, when the
supply pressure 1s lowered, the piezoelectric element driving
voltage rises to increase the pressure control valve closing
time delay, and the diagnosis result (%) fluctuates toward the
positive side as shown 1n FIG. 7.

FIG. 8 1s a block diagram showing the configuration of a
piezoelectric element driving circuit of the conventional
piezoelectric element driving type pressure control valve. A
driving voltage 1s supplied to the piezoelectric element (ca-
pacitance C) from the power supply through a field-effect
transistor FET,, an inductor L, and a diode D from the arith-
metic processing unit (CPU) of the pressure type tlow rate
control device FCS. In more detail, when a field-effect tran-
sistor FET, 1s turned on by a step-up command signal from
the CPU, a voltage 1s induced 1n the inductor L and, thereafter,
when the field-effect transistor FET , 1s turned off, the induced
voltage in the inductor L 1s superimposed on the driving
voltage. Then, the voltage on which the induced voltage 1s
superimposed 1s applied (charged) as a piezoelectric element
driving voltage to the piezoelectric element (1.e., modeled as
a capacitor). Furthermore, in the case wherein pressure rising
continues, the field-etfect transistor FE'T, 1s repeatedly turned
on and oif. Furthermore, the entire length of the piezoelectric
clement stretches by charging the piezoelectric element,
which opens the pressure control valve.

On the other hand, 1n the case when the pressure control
valve 1s completely closed, a step-down field-effect transistor
FET, 1s turned on by mput of a step-down command 81gnal
frem the CPU to discharge the charged voltage of the piezo-
clectric element (1.e., modeled as a capacitor). Consequently,
the piezoelectric element contracts, and the pressure control
valve 1s closed by a spring elastic force.

Patent Document 1: Japanese Published Unexamined

Patent Application No. H8-338546

Patent Document 2: Japanese Published Unexamined
Patent Application No. 2000-137528

Patent Document 3: Japanese Published Unexamined
Patent Application No. 2005-149075

PROBLEMS TO BE SOLVED BY TH.
INVENTION

T

As described above, 1n the conventional pressure type tlow
rate control device provided with the flow rate self-diagnosis
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function, measurement of pressure drop characteristics 1s per-
tformed by closing the piezoelectric driving type pressure

control valve 1n a flow rate seli-diagnosis/seli-diagnostic.
However, with respect to the pressure drop characteristics
measured at this time, the form of the characteristics curve
may change when the magnitude of supply gas pressure
changes, or the piezoelectric element dniving voltage
changes, or the pressure drop characteristics curve may fluc-
tuate even during measurement under i1dentical conditions.
Therefore, there 1s a problem 1n that it 1s 1mpossible to
promptly perform highly accurate diagnosis 1n a self-diag-
nostic for tlow rate control based on comparison between
pressure drop characteristics curves provided before start of
use of the device (1.e., 1n an 1nitial state) and when using the
device during a diagnosis (i.e., during the self-diagnostic).
The present invention is intended to solve the problem(s) as
described above and encountered in a conventional diagnosis
system and method used for diagnosing malfunction 1n tlow
rate control, 1.e., 1n a seli-diagnostic for diagnosing malfunc-
tion 1n tlow rate control by detecting a change 1n shape of an
orifice due to clogging, cracks, corrosion, or the like, of the
orifice. In other words, the problem previously encountered in
the art 1s that, when the magnitude of supply gas pressure or
piezoelectric element driving voltage changes, 1t 1s 1mpos-
sible to stably obtain a precise pressure drop characteristics
curve, which makes 1t impossible to perform highly accurate
diagnosis of flow rate control. More specifically, then, an
object of the present ivention 1s to provide a piezoelectric
clement driving circuit for a pressure control valve of a pres-
sure type tlow rate control device that 1s provided with a tlow
rate self-diagnosis function, in which 1t 1s possible to con-
stantly obtain a stable pressure drop characteristics curve
regardless of whether the supply gas pressure, or the piezo-
clectric element driving voltage, 1s high or low by consider-
ably shortening a time delay from when a completely-closing
signal 1s supplied to the pressure control valve provided with
the piezoelectric element driving unit until when the pressure
control valve 1s completely closed. In other words, the time
delay corresponds to a time needed for switching the valve
from being fully opened to being completely closed, which 1s
shortened 1n accordance with the present invention, thereby
making i1t possible to highly accurately diagnose maltfunction
in tlow rate control (1.e., to diagnose/detect a change 1n shape

of an orifice due to clogging, cracks, corrosion, or the like, of
the orifice).

SUMMARY OF THE INVENTION (MEANS FOR
SOLVING THE PROBLEMS)

The invention according to a first embodiment of the inven-
tion has the basic configuration of a pressure control valve
driving circuit for a pressure type flow rate control device,
which 1s provided with a flow rate selt-diagnosis function for
comparing 1nitial pressure drop characteristics data measured
and stored 1n advance with pressure drop characteristics data
determined during a flow rate diagnosis, wherein the pressure
drop characteristics determined during the flow rate seli-
diagnostic are measured under the same conditions as those
used for the measurement of the 1nitial pressure drop charac-
teristics, which are used to detect malfunction 1n flow rate
control from a difference between both characteristics data, in
which a closing circuit for closing a control valve at a high
speed 1s provided in parallel with a control valve driving
circuit.

The 1mvention, according to a second embodiment, 1s that
in the mvention according to the first embodiment, the pres-

sure control valve driving circuit 1s a pressure control valve
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piezoelectric element driving circuit for operating a piezo-
clectric element driving type pressure control valve, and the

closing circuit for closing the control valve at a high speed 1s
a second discharge circuit thatrapidly discharges a piezoelec-
tric element driving voltage applied to the piezoelectric ele-
ment according to a high-speed step-down command signal
received from an arithmetic processing unit (CPU), through a
high-speed step-down command circuit to step down the volt-
age.

The 1invention, according to a third embodiment, 1s that in
the invention according to the second embodiment, a modi-
fication 1s made so that the second discharge circuit 1s com-
posed of (a) a series circuit of a low-resistance and (b) a
switching element of the high-speed step-down command
circuit that 1s made conductive, according to an mput of the
high-speed step-down command signal.

The mvention according to a fourth embodiment 1s that, in
the invention according to the second embodiment or the third
embodiment, a modification 1s made so that a first discharge
circuit that discharges a piezoelectric element driving voltage
applied to the piezoelectric element according to the step-
down command signal from the arithmetic processing unit
(CPU) of the pressure type flow rate control device, through
the step-down command circuit to step down the voltage, 1s
provided in parallel with the second discharge circuit.

The mvention according to a fifth embodiment 1s that, in
the 1vention according to the fourth embodiment, the first
discharge circuit 1s composed of a series circuit of a high-
resistance and a switching element of the step-down com-
mand circuit, which 1s made conductive according to an input
of a step-down command signal.

The mvention according to a sixth embodiment 1s that, in
the invention according to any one of the second embodiment,
the third embodiment, and the fourth embodiment, are further
modified so that a time constant of the second discharge
circuit 1s set to 0.3 msec or less.

EFFECTS OF THE INVENTION

In accordance with the present invention, in the pressure
control valve drniving circuit for the pressure type tlow rate
control device, which 1s provided with the tlow rate seli-
diagnosis function, a closing circuit for closing a control
valve at a high speed 1s provided 1n parallel with a control
valve driving circuit. Therefore, 1t 1s possible to rapidly
switch the pressure control valve from being fully opened to
being completely closed in a manner that considerably short-
ens the valve closing time delay of the pressure control valve.
In accordance with these features of the invention, it 15 pos-
sible to highly accurately and stably perform measurement of
pressure drop characteristics 1n a flow rate self-diagnostic,
which leads to a highly accurate diagnosis result of the tlow
rate self-diagnostic.

In particular, 1n the pressure control valve piezoelectric
clement driving circuit intended for the pressure control valve
provided with the piezoelectric element driving unit, a first
discharge circuit, which discharges a piezoelectric element
driving voltage applied to the piezoelectric element according
to an 1put of a step-down command signal, steps down the
voltage through a step-down command circuit, and a second
discharge circuit, which rapidly discharges a piezoelectric
clement driving voltage applied to the piezoelectric element
according to an mput of a high-speed step-down command
signal, steps down the voltage through a high-speed step-
down command circuit. The first discharge circuit and the
second discharge circuit are provided 1n parallel with a piezo-
clectric element driving voltage supply circuit, and usual flow
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rate control 1s performed by stepping down a piezoelectric
clement driving voltage through the first discharge circuat,
and, 1n a tlow rate control diagnostic, a piezoelectric element
driving voltage 1s rapidly discharged to be stepped down
through the second discharge circuit. With the above-de-
scribed configuration, 1t 1s possible to smoothly and stably
perform usual flow rate control, and to rapidly switch the
piezoelectric element driving type pressure control valve
from being tully opened to being completely closed in a tlow
rate control diagnostic. As a result, the pressure control valve
closing time delay 1s considerably shortened, which makes 1t
possible to highly accurately and stably perform measure-
ment of pressure drop characteristics 1 a flow rate seli-
diagnostic, which leads to a highly accurate and stable diag-
nostic result of the flow rate self-diagnostic.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the circuit configuration
ol a piezoelectric element driving circuit according to the
present invention.

FIG. 2 1s a graph showing pressure drop characteristics of
a pressure type tlow rate control device provided with a piezo-
clectric element driving unit according to the present mnven-
tion.

FIG. 3 1s a graph showing the supply pressure-dependent
characteristics of a tlow rate seltf-diagnosis result of the pres-
sure type flow rate control device provided with the piezo-
clectric element driving unit according to the present mnven-
tion.

FIG. 4A 1s a chart comparing the opening and closing
speed characteristics of a pressure control valve in the case (F)
where a conventional piezoelectric element driving unit 1s
used and 1n the case (N) where a piezoelectric driving unit of
the present invention 1s used, and FIG. 4B 1s a chart 1n which
a portion of FIG. 4A 1s enlarged.

FIG. 5 15 a block diagram showing the basic configuration
ol a conventional pressure type flow rate control device pro-
vided with a flow rate self-diagnosis function (prior art).

FIG. 6 shows the pressure drop characteristics in the case
where gas supply pressure to a pressure control valve 1 from
the pressure type flow rate control device FCS differs.

FIG. 7 1s a graph showing the relatlonsth between supply
pressures (kPa(G) and tlow rate diagnosis results (%) for diag-
nosing malfunction in flow rate.

FIG. 8 1s a block diagram showing the configuration of a
conventional piezoelectric element driving circuit (prior art).

DESCRIPTION OF SYMBOLS

1: pressure control valve, 1a: piezoelectric element driving,
umt, 2: orifice, 3: pipe passage, 4: piezoelectric element, 5:
piezoelectric element driving circuit, 6: step-up command
circuit, 7: step-down command circuit, 8: high-speed step-
down command circuit, 9: piezoelectric voltage signal feed-
back circuit, 10: arithmetic processing unit (CPU), 11 to 16:
input terminals, 17 to 18: output terminals to piezoelectric
clement, FCS: pressure type flow rate control device, E:
power supply, M: memory device, (Qc: computed tlow rate,
Qs: setting tlow rate, AQ: Qs-Qc, S: control signal, P, : pres-
sure detector, T,: temperature detector.

DETAILED DESCRIPTION OF THE INVENTION,
WITH BEST MODES FOR CARRYING OUT THE
INVENTION

Hereinatter, an embodiment of the present mvention will
be described with reference to the accompanying drawings,
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wherein like parts are designated by like character references.
FIG. 11s a block diagram showing the circuit configuration of
a piezoelectric element driving circuit for a pressure type flow
rate control device that 1s provided with a tlow rate seli-
diagnosis function according to the present invention. In FIG.
1, reference numeral 4 denotes a piezoelectric element, rei-
erence numeral 5 denotes a piezoelectric element driving
circuit, reference numeral 6 denotes a step-up command cir-
cuit, reference numeral 7 denotes a step-down command cir-
cuit, reference numeral 8 denotes a high-speed step-down
command circuit, reference numeral 9 denotes a step-up volt-
age supply circuit, and reference numeral 10 denotes an arith-
metic device (CPU) of the pressure type flow rate control
device. Furthermore, reference character E 1s a power supply,
reference numerals 11, 12, 13, 14 and 16 are respective input
terminals to the piezoelectric element driving circuit, and
reference numerals 17 and 18 are output terminals to the
piezoelectric element 4.

The piezoelectric element 4 itself has a capacitor structure.
In the present embodiment, 1ts electrostatic capacity 1s 5.7 uF,
and the total capacity between the mput terminals 17 and 18
1s 6.7 uF as a matter of the circuit configuration.

The piezoelectric element driving circuit 3, according to
the present invention, 1s composed of the step-up command
circuit 6, the step-down command circuit 7, the high-speed
step-down command circuit 8, the step-up voltage supply
circuit 9, and a piezoelectric element driving voltage 1s sup-
plied to the piezoelectric element 4 through the terminals 17
and 18. Furthermore, an input voltage 1s input to the terminal
11, a step-up command signal 1s input to the terminal 12, and
a step-down command signal 1s mput to the terminal 13,
respectively, from the arithmetic processing unit (CPU) 10 of
the pressure type flow rate control device. Moreover, a high-
speed step-down command signal 1s mnput to the terminal 14
during a flow rate self-diagnostic (i.e., a diagnostic for deter-
mimng malfunction in flow rate).

In other words, when a step-up command signal subjected
to pulse width control 1s mput to the terminal 12 from the
arithmetic processing umt (CPU) to turn on a field-etl

ect
transistor FET, of the step-up command circuit 6, electromo-
tive force 1s induced 1n an inductor L of the step-up voltage
supply circuit 9 by an input voltage from the terminal 11.
Furthermore, when the field-effect transistor FET, 1s turned
olf, the induced electromotive force in the inductor L 1s super-
imposed on a power supply voltage from the mput terminal 11
to be applied to the piezoelectric element 4 from the output
terminal 17. In the case where the voltage applied to the
piezoelectric element 4 1s increased, the pulse width and the
pulse number of the step-up command signal to the terminal
12 are adjusted, and the magnitude of the induced electromo-
tive force 1n the inductor L and the superimposing number
thereol are changed to raise the voltage applied to the piezo-
clectric element 4.

Furthermore, 1n contrast thereto, in the case when the volt-
age applied 1s decreased, a step-down command signal 1s
input to the terminal 13 from the anthmetic processing unit
(CPU) 10 to turn on a field-effect transistor FET; of the
step-down command circuit 7, and the voltage applied (1.e.,
voltage charged) to the piezoelectric element 4 1s discharged
through a first discharge circuit composed of a series circuit
including resistance R, and the field-eftfect transistor FET, of
the step-down command circuit 7. In the embodiment of FIG.
1, 1t 15 set that a time constant of the first discharge circuit 1s
equal to R;xC=22K£2x6.7 uF=147.4 msec, and the piezo-
clectric element driving voltage 1s stepped down at a rela-
tively slow speed. The time constant of the first discharge
circuit 1s preferably set to 50 msec to 100 msec from the
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standpoint of maintaining the stability of flow rate control by
adjusting the piezoelectric element driving voltage.
Moreover, when a high-speed step-down command signal
1s input to the terminal 14 from the arithmetic processing unit
(CPU) 10 during a flow rate self-diagnostic (1.e., a diagnostic
for diagnosing malfunction in flow rate), a field-effect tran-
sistor FE'T,, of the high-speed step-down command circuit 8 1s
turned on, and the voltage applied (voltage charged) to the
piezoelectric element 4 1s discharged through a second dis-

charge circuit composed of a series circuit of resistance R,
and the field-effect transistor FET, of the high-speed step-
down command circuit 8. More specifically, the time constant
of the second discharge circuit composed of the transistor of
the high-speed step-down command circuit 8 and the resis-
tance R, 1s setto R, xC=4702x6.7 uF=0.3 msec, and the piezo-
clectric element driving voltage 1s sharply stepped down. It1s
desirable that the time constant of the second discharge circuit
1s kept short, and it has been confirmed that the time constant
of the second discharge circuit 1s optimally set to 0.3 msec or
less.

In addition, an operation confirmation test for the partial
circuit configuration, 1 which the high-speed step-down
command circuit 8 (1.¢., the second discharge circuit) 1s elimi-
nated by decreasing the time constant of the first discharge
circuit of the step-down command circuit 7 that takes charge
of normal flow rate control, (1.e., valve opening control by
adjusting the piezoelectric element driving voltage), has been
carried out. In this case, 1t i1s clear that the piezoelectric
clement driving voltage 1n a steady flow rate control 1s desta-
bilized, which brings about a state beyond control from a
practical standpoint. Therefore, the circuit configuration
adopted 1n accordance with the present invention is one 1n
which the high-speed step-down command circuit 8 1s used
only for flow rate seli-diagnosis, and the high-speed step-
down command circuit 8 1s provided together with the step-
down command circuit 7 for steady flow rate control.

FIG. 2 shows the pressure drop characteristics measured
under the same conditions as those 1n FIG. 6 wherein the
piezoelectric element driving circuit 5, according to the
present invention, 1s applied to the FCS type pressure type
flow rate control device manufactured by Fujikin Incorpo-
rated, which 1s the same as the conventional FCS type pres-
sure type tlow rate control device. As clear from FIG. 2, 1t 1s
shown that, even when the gas supply pressure applied to the
piezoelectric element driving type pressure control valve 1 1s
changed, the pressure drop characteristics curve maintains
substantially the same form, and when the closing time delay
of the pressure control valve 1 1s reduced by shortening the
switching time of the pressure control valve 1 from being
tully opened to being completely closed at the start of a tlow
rate self-diagnosis (that 1s, by shortening the discharge time
of the piezoelectric element driving voltage), the pressure
drop characteristics are considerably stabilized as evident by
comparing FIGS. 2 and 6.

Furthermore, because the measured pressure drop charac-
teristics are stabilized by the circuit configuration employed
by the present invention, the diagnosis results for determining
malfunction in flow rate calculated on the basis of measured
values of the pressure drop characteristics are made highly
accurate by necessity. Therefore, the relationship between
supply pressures and diagnosis results (%) shown 1 FIG. 7
(which reflects what 1s obtainable using what 1s conventional
in the art) becomes a state or result as shown 1n FIG. 3. In
other words, variation 1n diagnosis results (%) due to tluctua-
tion 1n supply pressure 1s considerably improved, and even
when the supply pressure 1s changed, the values of the diag-
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nosis results (%) are free from intluence conventionally
observed with change 1n supply pressure.

Because the pressure control valve 1, (e.g., piezoelectric
clement driving type normally-closed type metal diaphragm
valve), provided with the piezoelectric element driving unit la
used for measuring the pressure drop characteristics of FIG.
2, and the relationship between diagnosis results (%) and
supply pressures (kPaG) in FIG. 3 has the same structure as
that disclosed 1n Japanese Published Unexamined Patent

Application No. 2005-149075, a detailed description thereof

will be omitted here.

FIG. 4(A) 1s a waveform chart showing the state of dis-
charge of a piezoelectric element driving voltage, and the
curve F shows the case where a conventional piezoelectric
clement driving unit 1s used and wherein a time constant RxC
of the discharge circuit 1s 2K£2x6.7 uF=13.4 msec, and the
curve N shows the case where a piezoelectric element driving
unit 1 accordance with the present invention 1s used and
wherein a time constant RxC of the discharge circuit 1s 472
6.5 uF=0.3 msec, respectively. Furthermore, FIG. 4(B) 1s a
chart showing a portion of F1G. 4(A) that 1s partially enlarged.,
which shows that the valve closing speed 1s extremely high
when the piezoelectric element driving circuit 5, according to
the present invention, 1s employed in which the high-speed
step-down command circuit 8 1s provided. Moreover, the
ficld-etlect transistor 1s used as a switching element 1n the
above-described embodiment. Of course, a switching ele-
ment other than a field-effect transistor may be used as the
switching element within the scope of the present invention.
As the same applies to the driving unit for the control valve, a
driving unit other than a piezoelectric element driving unat,
for example, such as a solenoid driving unit, may be used as
the driving unit, and any type or any structure of a piezoelec-
tric element may be used. In other words, the present inven-
tion 1s not limited to the particular switching element, the
particular driving unit, and/or to the particular piezoelectric
clement described above.

Industrial Applicability

The control valve driving circuit for the pressure type tlow
rate control device provided with the flow rate self-diagnosis
function, according to the present invention, may be applied
to control valves for all kinds of purposes, and particularly 1s
usetul as a driving circuit for a piezoelectric element driving,
type high-speed opening and closing type tflow rate/pressure
automatic control valve.

The mvention claimed 1s:

1. A pressure control valve driving circuit of a pressure type
flow rate control device that 1s provided with a flow rate
self-diagnosis function that contrasts initial pressure drop
characteristics data measured and stored in advance 1n a
memory of the pressure type tlow rate control device with
second pressure drop characteristics data obtained during a
flow rate diagnosis, wherein the second pressure drop char-
acteristics data are measured under conditions that are the
same as those when the measurement corresponding to the
initial pressure drop characteristics was obtained, wherein the
contrast of the mnitial pressure drop characteristics data and
the second pressure drop characteristics data permits detec-
tion of malfunction in flow rate control from a difference
between both the initial pressure drop characteristics data and
the second pressure drop characteristics data, wherein the
pressure control valve driving circuit comprises:

a closing circuit operable to close a control valve at high

speed, wherein the closing circuit 1s operably connected
in parallel with a control valve driving circuit.
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2. The pressure control valve driving circuit of the pressure
type flow rate control device that 1s provided with the tlow rate
seli-diagnosis function according to claim 1, wherein

the pressure control valve driving circuit 1s a pressure con-

trol valve piezoelectric element driving circuit that com-
prises a first discharge circuit and a second discharge
circuit, and the pressure control valve piezoelectric ele-
ment driving circuit 1s operably connected to operate a
piezoelectric element of a piezoelectric element driving
type pressure control valve, and the closing circuit oper-
able to close the control valve at high speed 1s the second
discharge circuit that rapidly discharges a first piezo-
clectric element driving voltage applied to the piezoelec-
tric element according to a first high-speed step-down
command signal received from an arithmetic processing,
unit CPU operably connected to the pressure control
valve piezoelectric element driving circuit, through a
first high-speed step-down command circuit to step
down the first piezoelectric element driving voltage.

3. The pressure control valve driving circuit of the pressure
type flow rate control device that 1s provided with the tlow rate
self-diagnosis function according to claim 2, wherein

the second discharge circuit comprises a series circuit of a

first low-resistance and a first switching element of the
first high-speed step-down command circuit, wherein
the first high-speed step-down command circuit 1s made
conductive according to input of the first high-speed
step-down command signal from the arithmetic process-
ing unit CPU to the pressure control valve driving cir-
cuit.

4. The pressure control valve driving circuit of the pressure
type flow rate control device that 1s provided with the tlow rate
seli-diagnosis function according to claim 2, wherein

the first discharge circuit 1s operably connected 1n parallel

with the second discharge circuit, wherein the first dis-
charge circuit discharges a second piezoelectric element
driving voltage applied to the piezoelectric element
according to a second step-down command signal
received from the arithmetic processing unit CPU of the
pressure type tlow rate control device, through a second
step-down command circuit to step down the second
piezoelectric element driving voltage.

5. The pressure control valve driving circuit of the pressure
type flow rate control device that 1s provided with the tlow rate
seli-diagnosis function according to claim 4, wherein

the first discharge circuit comprises a series circuit of a

second high-resistance and a second switching element
of the second step-down command circuit, wherein the
second step-down command circuit 1s made conductive
according to input of the second step-down command
signal from the arnthmetic processing unit CPU to the
pressure control valve driving circuat.

6. The pressure control valve driving circuit of the pressure
type tlow rate control device that 1s provided with the flow rate
seli-diagnosis function according to claim 2, wherein

a time constant of the second discharge circuit 1s set to 0.3

msec or less.

7. The pressure control valve driving circuit of the pressure
type flow rate control device that 1s provided with the tlow rate
seli-diagnosis function according to claim 3, wherein the first
discharge circuit 1s operably connected 1n parallel with-the
second discharge circuit, wherein the first discharge circuit
discharges a second piezoelectric element driving voltage
applied to the piezoelectric element according to a second
step-down command signal received from the arithmetic pro-
cessing unit CPU of the pressure type tlow rate control device,
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through a second step-down command circuit to step down

the second piezoelectric element driving voltage.

8. The pressure control valve driving circuit of the pressure
type tlow rate control device that 1s provided with the flow rate
self-diagnosis function according to claim 7, wherein the first
discharge circuit comprises a series circuit of a second high-
resistance and a second switching element of the second
step-down command circuit, wherein the second step-down
command circuit 1s made conductive according to input of the
second step-down command signal from the arithmetic pro-
cessing unit CPU to the pressure control valve driving circuait.

9. The pressure control valve driving circuit of the pressure
type flow rate control device that 1s provided with the tlow rate
self-diagnosis function according to claim 3, wherein a time
constant of the second discharge circuit 1s set to 0.3 msec or
less.

10. The pressure control valve driving circuit of the pres-
sure type flow rate control device that 1s provided with the
flow rate seli-diagnosis function according to claim 4,
wherein a time constant of the second discharge circuit 1s set
to 0.3 msec or less.

11. The pressure control valve driving circuit of the pres-
sure type tlow rate control device that 1s provided with the
flow rate self-diagnosis function according to claim 7,
wherein a time constant of the second discharge circuit 1s set
to 0.3 msec or less.

12. A pressure type tlow rate control device that 1s provided
with a tlow rate self-diagnosis function that contrasts initial
pressure drop characteristics data measured and stored in
advance 1mn a memory of the pressure type flow rate control
device with second pressure drop characteristics data
obtained during a flow rate diagnosis, wherein the second
pressure drop characteristics data are measured under condi-
tions that are the same as those when the measurement cor-
responding to the mnitial pressure drop characteristics was
obtained, wherein the contrast of the 1mitial pressure drop
characteristics data and the second pressure drop character-
1stics data permits detection of malfunction in flow rate con-
trol from a difference between both the 1mitial pressure drop
characteristics data and the second pressure drop character-
1stics data, wherein the pressure type flow rate control device
COmMprises:

(a) a control valve; and

(b) a pressure control valve driving circuit that comprises

1. a closing circuit operable to close the control valve at
high speed, wherein the closing circuit 1s operably
connected 1n parallel with a control valve driving
circuit.

13. The pressure type tlow rate control device according to
claim 12, further comprising:

(c) a piezoelectric element, wherein the pressure control
valve driving circuit 1s a pressure control valve piezo-
clectric element driving circuit that comprises a first
discharge circuit and a second discharge circuit, and the
pressure control valve piezoelectric element driving cir-
cuit 1s operably connected to operate the piezoelectric
clement, and the closing circuit operable to close the
control valve at high speed 1s the second discharge cir-
cuit that rapidly discharges a first piezoelectric element
driving voltage applied to the piezoelectric element
according to a first high-speed step-down command si1g-
nal received from an arithmetic processing umt CPU
operably connected to the pressure control valve piezo-
clectric element driving circuit, through a first high-
speed step-down command circuit to step down the first
piezoelectric element driving voltage.
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14. The pressure type tlow rate control device according to
claim 13, wherein the second discharge circuit comprises a
series circuit of a first low-resistance and a first switching
clement of the first high-speed step-down command circuit,
wherein the first high-speed step-down command circuit 1s
made conductive according to input of the first high-speed
step-down command signal from the arithmetic processing
unmt CPU to the pressure control valve driving circuit.
15. The pressure type tlow rate control device according to
claim 14, wherein the first discharge circuit 1s operably con-
nected 1n parallel with the second discharge circuit, wherein
the first discharge circuit discharges a second piezoelectric
clement driving voltage applied to the piezoelectric element
according to a second step-down command signal recerved
from the arithmetic processing unit CPU of the pressure type
flow rate control device, through a second step-down com-
mand circuit to step down the second piezoelectric element
driving voltage.
16. The pressure type tlow rate control device according to
claim 15, wherein the first discharge circuit comprises a series
circuit of a second high-resistance and a second switching
clement of the second step-down command circuit, wherein
the second step-down command circuit 1s made conductive
according to input of the second step-down command signal
from the arithmetic processing unit CPU to the pressure con-
trol valve driving circuit.
17. The pressure type tlow rate control device according to
claim 15, wherein a time constant of the second discharge
circuit 1s set to 0.3 msec or less.
18. The pressure type tlow rate control device according to
claim 17, wherein a time constant of the first discharge circuit
1s set to between 50 msec to 100 msec.
19. The pressure type tlow rate control device according to
claim 12, further comprising:
(¢) a piezoelectric element; and
(d) an arithmetic processing unit,
wherein the pressure control valve driving circuit 1s a pres-
sure control valve piezoelectric element driving circuit
that further comprises
11. a step-up command circuit;
111. a first high-speed step-down command circuait;
1v. a second step-down command circuit; and
v. a step-up voltage supply circuit;

wherein the step-up command circuit, the first high-speed
step-down command circuit, the second step-down com-
mand circuit and the step-up voltage supply circuit are
cach operably connected to recerve mput from the arith-
metic processing unit of the pressure type flow rate
control device, and

wherein the step-up command circuit, the first high-speed

step-down command circuit, the second step-down com-
mand circuit and the step-up voltage supply circuit are
operably connected to one another so as to supply a first
piezoelectric element driving voltage to the piezoelec-
tric element of the pressure type tlow rate control device.

20. The pressure type flow rate control device according to
claim 19, wherein the pressure control valve piezoelectric
clement driving circuit 1s operably connected to operate the
piezoelectric element by supplying the first piezoelectric ele-
ment driving voltage to the piezoelectric element, and

wherein the second step-down command circuit includes a

first discharge circuit and the first high-speed step-down
command circuit includes a second discharge circuit,
and the closing circuit operable to close the control valve
at high speed 1s the second discharge circuit that rapidly
discharges the first piezoelectric element driving voltage
applied to the piezoelectric element according to a first
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high-speed step-down command signal recerved from
the arithmetic processing unit operably connected to the
pressure control valve piezoelectric element driving cir-
cuit, through the first high-speed step-down command
circuit to step down the first piezoelectric element driv- 5
ing voltage, and

wherein the first discharge circuit 1s operably connected 1n
parallel with the second discharge circuit, wherein the
first discharge circuit discharges a second piezoelectric
clement driving voltage applied to the piezoelectric ele- 10
ment according to a second step-down command si1gnal
received from the arithmetic processing unit of the pres-
sure type tlow rate control device, through the second
step-down command circuit to step down the first piezo-
clectric element driving voltage. 15
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